found that gastric carcinomas could be broadly divided into gland-forming adenocarcinomas and poorly differentiated carcinomas, which included signet-ring cell carcinomas. The former were found to retain intestinal features, and the latter tended to disclose a diffusely infiltrative growth pattern; Laurén referred to these as intestinal-type and diffuse-type, respectively, reporting that 53% of his samples were intestinal-type, 33% were diffuse-type, and the remaining 14% were unclassifiable [1] .
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In the differentiated adenocarcinomas, intestinal metaplasia was often seen in the stomach, and intestinaltype cancers were thought to arise from the intestinal metaplasia. On the other hand, diffuse-type cancers did not retain intestinal characteristics, and they were considered to arise in the ordinary gastric mucosa, which was not involved in intestinal metaplasia [2, 3] . In the middle of the 1980s, Helicobacter pylori was found to cause chronic active gastritis, and it was suggested that H. pylori played an important role in gastric carcinogenesis. In this respect, a hypothesis was that H. pylori caused chronic active gastritis with intestinal metaplasia, resulting in the development of intestinal-type adenocarcinomas [4, 5] .
However, several studies appeared which described well-differentiated adenocarcinomas arising in nonintestinalized gastric mucosa, and there has been a question whether well-differentiated adenocarcinomas of the stomach were exclusively intestinal type. The recent discovery of MUC genes coding core proteins of mucin has identified the phenotypic expression of gastrointestinal neoplasms [6] [7] [8] . The disease entity of "gastric-type well-differentiated adenocarcinoma" has recently been accepted, especially in Japan and Europe. This entity has often been a clinicopathological subject of discussion, especially in Japanese journals, because its biological behavior is possibly highly malignant, in spite of the difficulty of making endoscopic and histopathological diagnoses [9, 10] .
Introduction
Gastric carcinomas have been classified into two main histological types. Laurén [1] studied the morphology and mucin properties of advanced gastric cancers, and
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Histopathological and histochemical diagnosis
Gastric-type adenocarcinoma consists of cuboidal to tall columnar cells with clear mucinous cytoplasm, showing papillary/villous projections in the upper portion and irregular branching/fusion in the middle to deeper portion. The structure in the latter has been called a "shaking-hands structure", which is called "lateral intertubular expansion" in Germany [11] , indicating, in our opinion, stromal invasion in the proper mucosa. In addition to these structural characteristics, most important is the nuclear atypia; as well as the lack of surface differentiation, compared to features of nonneoplastic neighboring pits (Fig. 1) . Gastric-type cells, especially of the mucous-neck/pyloric-gland type, occasionally have eosinophilic and fine granular cytoplasm, which should not be misinterpreted as showing intestinal-type cells.
Immunohistochemical studies, especially of mucin expression, are useful for additional diagnosis. Mucins are heavily glycosylated glycoproteins that are the major components of the viscous gel covering the surface of the gastrointestinal epithelium. Recent progress in mucin biochemistry has enabled a more detailed distinction between different kinds of mucins. More than ten distinct epithelial mucin genes have recently been identified [12] [13] [14] , and several antibodies against the core proteins coded by MUC genes have become commercially available. We have used several markers as follows: (1) mucin of the surface gastric epithelium (foveolar cells) -human gastric mucin (HGM) and MUC5AC; (2) mucin of the mucous-neck, pyloricgland, and Brunner's gland cells -HIK1083 and MUC6; and (3) mucin of intestinal goblet cells -MUC2. Also, CD10 can be used to demonstrate the brush border of small-intestinal absorptive cells [15] . With these stainings, gastric carcinoma tissues can be divided into four phenotypes: (1) exclusively gastric phenotype, (2) mixed gastric and intestinal phenotype, (3) exclusively intestinal phenotype, and (4) an unclassifiable type without the expression of these markers [7, 8, 16] . The mixed phenotype is further subdivided into gastric-predominant type and intestinalpredominant type. In addition, pepsinogen-1 staining is used to distinguish mucous neck/pseudopylorictype from true pyloric-type cells. Gastric-type welldifferentiated adenocarcinomas, the subject of this article, immunohistochemically correspond mostly to the exclusively gastric phenotype and partly to the predominantly gastric phenotype.
Historical studies
Kato et al. [17] found that the incidence of welldifferentiated (intestinal-type) adenocarcinomas was higher than that of undifferentiated-type (diffuse-type) carcinomas in the cardiac mucosa, and the cardiac mucosa had a lower degree of intestinal metaplasia, compared to the antral mucosa. This implied that, in the genesis of cardiac adenocarcinomas, intestinal metaplasia does not play a role, suggesting that adenocarcinomas are not always of intestinal type.
Hattori [18] studied the phenotypic characteristics of adenocarcinomas arising in 67 hyperplastic polyps. The hyperplastic polyp consists of hyperplastic foveolar structures and proliferated mucous glands. This kind of polyp is organotypic in the stomach. In the hyperplastic polyp, the incidence of intestinal metaplasia is low. It occurs sporadically, and the type of metaplasia is mostly incomplete. In Hattori's study, three adenocarcinomas were found, and they consisted of cells closely resembling normal foveolar cells. These lesions were thus referred to as gastric-type (foveolar-type) adenocarcinomas. After that, Ishiguro [19] reported a close relationship of gastric-foveolar type adenocarcinomas to diffuse-type carcinomas. In Germany, Borchard and Hengels [20] doubted whether all gland-forming adenocarcinomas showed intestinal differentiation.
Since 1990, when Tatematsu et al. [21] investigated mucin-histochemical phenotypic expression in gastric cancer cells, the disease entity of "gastric-type welldifferentiated adenocarcinoma" has been drawing attention in the field of gastrointestinal pathology. In their study, among 35 gastric-type adenocarcinomas, the surrounding mucosa in 7 cases showed intestinal metaplasia, while the surrounding mucosa in 10 of 40 intestinal-type carcinomas was found to be proper mucosa without intestinal metaplasia. Therefore, they concluded that there was no relationship between the phenotypic expression of gastric cancer and intestinal metaplasia of the mucosa giving rise to the cancer. However, in investigations of the histogenesis of cancer it is necessary to include the smaller carcinomas. In 1993, Kushima and Hattori [22] examined the phenotypic expressions of early gastric adenocarcinomas, which were not associated with hyperplastic polyps. They randomly selected 65 intramucosal adenocarcinomas; 43 were differentiated adenocarcinomas and 22 were the poorly differentiated type, the so-called diffuse-type. The result was surprising in that 10 of the 43 differentiated adenocarcinomas (23.2%) were gastric type, 13 were intestinal-type, and the remaining 20 were mixed type. Watanabe et al. [23] reported that 16 of 135 (12%) microcarcinomas of the differentiated type were of the gastric foveolar type. They observed that minute gastric-type adenocarcinomas were found in the upper half layer of the gastric proper mucosa, accompanied by pyloric glands in the lower half layer. Gastric-type adenocarcinomas, therefore, may arise in the generative zone of the gastric proper mucosa and grow towards the upper level of the mucosa, often showing a papillary structure. Figure 2 shows a case of gastric-type adenocarcinoma harboring some characteristic findings. The tumor is surrounded by marked foveolar hyperplasia, appearing to arise from a hyperplastic polyp of foveolar type, and transition from very well-differentiated adenocarcinoma to diffuse-type carcinoma is seen in the deeper mucosa.
Variations of gastric-type well-differentiated adenocarcinomas
Prediffuse type
Although most minute gastric carcinomas (smaller than 5 mm) are found to be differentiated-type adenocarcinomas, the ratio of differentiated type to diffuse type becomes about 1 to 1 in the advanced stage. This implies that some differentiated-type adenocarcinomas possibly change into diffuse-type carcinomas. Welldifferentiated adenocarcinomas of gastric type, extending more than 1 cm in the proper mucosa, tend to harbor diffuse-type elements [19] . If they invade into the submucosal layer or deeper, they progress to poorly differentiated adenocarcinomas of nonsolid type. On endoscopic examination, gastric-type adenocarcinomas of the prediffuse type often show a shallow depression (0-IIc) or a shallow depression with lower elevation (0-IIc + IIa); the color is normal and it is difficult to detect the border of the tumor [9] . It is difficult to predict the possibility of progression from the differentiated type to diffuse type in small biopsy specimens. However, prominent "shaking-hands structures" appear to be a sign of change into the diffuse type. Even if the tumor does not invade into the submucosal layer, adenocarcinomas with prominent shaking-hands structures tend to extend superficially in the mucosa. In such a case, pathologists should give this information to endoscopists and surgeons.
Very/extremely well-differentiated adenocarcinoma (VWDA)
We occasionally encounter very well-differentiated and very low-grade adenocarcinoma that is deeply invading and without diffuse-type elements (Fig. 3) . Some authors have called this type of cancer extremely welldifferentiated adenocarcinoma (EWDA) [24] . In this category, there are small-intestinal-type and gastrictype adenocarcinomas, which may be misinterpreted as intestinal metaplasia and foveolar hyperplasia, respectively, by general pathologists. Although VWDAs tend to show elevated growth as compared to prediffuse-type carcinomas, there is no characteristic appearance. We have experienced some depressed VWDAs. If the tumor displays a submucosal-tumor-like appearance, pathologists should take the possible presence of submucosal gastric glands or heterotopic pancreas into consideration.
Remnant gastric cancer
In remnant gastric cancers, there have been reported to be a higher incidence of gastric-type well-differentiated adenocarcinoma [25] . Several classifications of remnant gastric cancer have been proposed; according to the original lesion (malignant or not), the anastomostic method (Billroth-I or II), and the interval between the first and second operations. Gastric-type welldifferentiated adenocarcinomas are most frequently found in the group with a longer time after surgery, performed by the Billroth-II method, for benign disease, in particular for duodenal ulcer [26, 27] . The corpus mucosa is not atrophic in patients with duodenal ulcer, and remnant cancers often arise in the mucosa of stomal polypoid hyperplastic gastritis. Stomal polypoid hyperplastic gastritis is characterized by tortuously structured foveolar hyperplasia and cystically dilated (pseudo)pyloric glands, which become prominent according to the interval time since the operation [28] . In stomal polypoid hyperplastic gastritis, intestinal metaplasia is rarely seen.
Adenocarcinoma arising in the gastric cardia
As already mentioned, Kato et al. [17] found a poor relationship between differentiated adenocarcinomas and intestinal metaplasia in the gastric cardia. Recent progress in mucin immunohistochemistry has disclosed a higher incidence of gastric phenotype in early adenocarcinomas of the gastric cardia than in those of the distal stomach [29] .
Adenocarcinoma arising from hyperplastic polyps
Eight years after Hattori's [18] discovery, Kushima and Hattori [22] collected a large number of hyperplastic polyps, obtained by endoscopic resection, to estimate the frequency and determine the detailed characteristics of gastric-type adenocarcinomas, using advances in mucin histochemistry. Eleven (78.6%) of 14 differentiated-type carcinomas in hyperplastic polyps were gastric-type adenocarcinomas and the others showed a mixed type, with gastric and intestinal features.
Chromosomal abnormalities in gastric-type well-differentiated adenocarcinomas
We examined chromosomal abnormalities in 13 cases of early well-differentiated gastric adenocarcinomas of the completely gastric phenotype, by means of laser capture microdissection and comparative genome hybridization (CGH). Most cases showed low-grade nuclear atypia. Gains of 1p36-pter, 9q34-qter, 17p12-pter, 17q24-qter, 20pq, and 22q; losses of 6q and 189; and amplification of 15q26 were frequently detected. Adenocarcinomas arising in a hyperplastic polyp and a pyloric gland adenoma displayed the same tendency. In spite of showing lowgrade histopathological atypia, gastric-type adenocarcinomas, even in the early stage, were shown to harbor considerable chromosomal abnormalities, as has been previously reported in advanced gastric carcinomas and cancer cell lines [10] .
Gastric-type adenoma (pyloric gland adenoma)
While the disease entity of gastric-type welldifferentiated adenocarcinoma has recently been accepted, the term "gastric adenoma" usually means a flat adenoma of the intestinal type. Adenomas of gastric type have been regarded as exceptional until recently.
Phenotypes of gastric adenomas
Intestinal-type adenomas dysplasia Most adenomas are intestinal-type, as revealed by mucin histochemistry. We recently compared the expression of MUC genes in adenomas and differentiated-type adenocarcinomas [7] . Most adenomas were strongly positive for the intestinal markers, MUC2 and CD10, but were negative for the gastric markers, MUC5AC and MUC6. On the contrary, about 30% of adenocarcinomas were intestinal type, and these were positive for the intestinal mucin markers MUC2 and CD10, but negative for gastric markers. Seventy percent of the adenocarcinomas retained gastric phenotypes (they were gastric type or mixed type), and they generally disclosed positivity for the gastric markers MUC5AC and MUC6. These findings indicate that the adenomacarcinoma sequence is not a common event in stomach carcinogenesis, because it is difficult to explain how cells with gastric phenotypes arise from cells with exclusively intestinal phenotypes.
Gastric-type adenoma (pyloric gland adenoma)
Although gastric-type adenomas could theoretically be classified into foveolar type and pyloric-gland type, foveolar-type adenoma is, in practice, difficult to distinguish from gastric-foveolar-type adenocarcinoma. In fact, most foveolar-type adenomas presented by Abraham et al. [30, 31] have been diagnosed as intramucosal adenocarcinomas by German and Japanese specialists.
Pyloric gland adenoma was first characterized by Borchard et al. [32] , and Watanabe et al. [33] described a similar lesion in the World Health Organization (WHO) classification of gastric tumors in 1990. Borchard presented two cases of pyloric gland adenoma with transition to adenocarcinoma at slide seminars in Germany in 1986 and 1987 (unpublished data). Similar adenomas of the gastric type were subsequently described in gastric heterotopia in the duodenum [34] , in the pancreatic duct [35] , and, in particular, in the gallbladder [36, 37] . In 2003, we first reported systematic clinicopathological analyses of pyloric gland adenoma, in English language and Japanese journals [38, 39] . Since then, there have been reported cases of pyloric gland adenoma arising in the proper esophagus [40] , Barrett's esophagus [41] , and in gastric heterotopia of rectum [42] .
Clinicopathological findings of pyloric gland adenoma
Pyloric gland adenomas occur predominantly in old age (73 ± 12.8 years) and more frequently in women (75%) than in men; they tend to arise in the corpus mucosa of the stomach, showing close association with (pseudo)pyloric-gland metaplasia of fundic glands [38, 39] . Cases reported in Europe are often associated with autoimmune gastritis. Endoscopic study usually shows a nodular and dome-like lesion (Fig. 4) . If the tumor appears to be a submucosal tumor endoscopically, it may be arising from submucosal gastric glands. The tumor consists of narrow or cystically dilated tubules, which are not fused or are irregularly branched. The tubules are lined by cuboidal to prismatic columnar epithelial cells that contain clear cytoplasm or pale eosinophilic cytoplasm. Superficial tumor cells are slightly larger in size than deeper ones. The tumor cell nuclei are small and oval or round in shape, and contain small but conspicuous nucleoli. Immunohistochemically, most tumor glands are strongly positive for MUC6, except in the superficial layer. MUC5AC tends to be positive in the superficial layer, but it is also expressed in the deeper portion. MUC2 and CD10 are generally nega- 
Chromosomal abnormalities in pyloric gland adenomas
In four of five pyloric gland adenomas studied, micodissection and CGH analyses revealed some chromosomal abnormalities common to invasive gastric adenocarcinoma, such as gains of 17pq and 20q; and losses of 4q, 5q, and 6q [39] . In a case of pyloric gland adenoma that we first found to arise in Barrett's epithelium of the esophagus, there were losses on 2p24-25.2, 2q14.1-ter, 5q31.3-32, 6q23-24, 8q23-24.2, 11q22.3-24, and 18q21.1-22 [41] . In our experience, pyloric gland adenomas have been regarded as hyperplasias or hamartomas and this entity has not been accepted, especially in the Anglo-American literature, in the past. However, our studies suggest the unstable and precancerous nature of pyloric gland adenomas. In 20%-30% of pyloric gland adenomas, transition to severe dysplasia and/or differentiated adenocarcinomas of predominantly gastric phenotype has been noted [38, 39] . Endoscopists and pathologists should be on the lookout for this type of tumor in the gastrointestinal tract during routine examinations.
Pyloric gland adenoma-adenocarcinoma sequence
Very recently, we encountered a very interesting case of pyloric gland adenoma with transition to intramucosal invasive adenocarcinoma (Fig. 5) . A 75-year-old man had a small nodular and polypoid lesion in the gastric cardia, and the tumor was endoscopically resected. Immunohistochemically, the layered structure of MUC5AC/MUC6 found in the adenoma was deranged in the adenocarcinomatous area. MUC2 and CD10 were negative in the tumor. By CGH analyses, in the adenomatous component (Fig. 5B) , losses of 4q, 5q, and 6q; and gain of 17q, were detected (Fig. 6A) . Moreover, in the adenocarcinomatous component (Fig. 5C ), gains of 20q and 17q21-q23; amplification of 15q26, and loss of 9p21-p23 were added to all the chromosomal changes already detected in the surrounding pyloric gland adenoma (Fig. 6B, 7 ). This study is the first successful demonstration of a "pyloric gland adenomaadenocarcinoma sequence" by analyses of mucin immunohistochemistry and CGH. 
